Lymphomatoid granulomatosis (LYG) is an angiocentric and angiodestructive lymphoproliferative disease involving extranodal sites. Although LYG cerebral lesions are usually located adjacent to LYG pulmonary lesions, few reports have described the occurrence of primary cerebral LYG. We herein discuss a case of a 40-year-old Japanese woman with primary cerebral LYG that caused various neurological symptoms for more than five years and progressed to methotrexate-associated lymphoproliferative disease under treatment with immunosuppressive therapy. This case suggests that primary cerebral LYG should be considered a lymphoid neoplasm manifesting as a primary brain tumor and a component of the differential diagnosis of chronic neuroinflammatory disorders.
Introduction
Primary cerebral lymphoid neoplasm is often difficult to diagnose because an invasive brain biopsy is required and because the quantity of biopsy specimen needed for the pathological analysis is limited. The most common primary cerebral lymphoid neoplasm is primary diffuse large B-cell lymphoma of the central nervous system (CNS), which is relatively easy to diagnose with limited biopsy specimens (1, 2) . However, other primary cerebral lymphoid neoplasms are difficult to differentiate from neuroinflammatory disorders.
Lymphomatoid granulomatosis (LYG) is an angiocentric and angiodestructive lymphoproliferative disease that involves extranodal sites comprising Epstein-Barr virus (EBV)-positive B cells admixed with reactive T cells (3, 4) .
The clinical manifestations of LYG are extremely variable, ranging from an indolent form to progressive disease similar to aggressive lymphoma (3) (4) (5) (6) (7) . LYG is divided into three grades based on the proportion of large atypical EBVpositive B cells relative to reactive T-lymphocytes (4). EBVpositive atypical cells are infrequently detected in grade 1 lesions, although they are readily detected in grade 2 lesions (usually 5-20 per high-power field) on in situ hybridization (ISH). Grade 3 lesions comprise large atypical B cells, among which EBV-positive cells are numerous and easily identified. The presence of a uniform population of large atypical EBV-positive B-cells without a polymorphous background is beyond the spectrum of LYG and should be classified as diffuse large B-cell lymphoma (4) . Although CNS lesions are found in 20-50% of LYG patients, usually proximal to sites of pulmonary LYG (5, 8) , there are fewer reports of primary cerebral LYG versus primary pulmonary LYG (9) (10) (11) (12) (13) .
We herein describe the case of a patient with primary cerebral LYG, which caused various neurological symptoms for more than five years and progressed to methotrexateassociated lymphoproliferative disease (MTX-LPD) under treatment with immunosuppressive therapy.
Case Report
A 40-year-old Japanese woman with no relevant history developed metamorphopsia and right facial palsy in February 2007. Brain magnetic resonance imaging (MRI) revealed T2 high-intensity lesions in the bilateral occipital lobes. In August 2007, although a brain biopsy was performed due to suspicion of malignant lymphoma, the diagnosis was indefinite, and only inflammatory changes were observed. The patient received steroid pulse therapy, and her symptoms gradually improved. In December 2007, at which time the prednisolone (PSL) dose was tapered, she developed a new lesion in the left thalamus. In June 2011, she subsequently developed dizziness, hearing loss and a new pontine lesion. In April 2012, she exhibited paresthesia and weakness in the left upper and lower extremities, with progression of hearing loss and the onset of neurogenic diabetes insipidus. Steroid pulse therapy was administered and the dose of PSL was temporarily increased, followed by treatment with MTX (7.5 mg weekly) along with PSL in May 2012.
In December 2012, the patient developed diplopia, right ophthalmalgia and an ataxic gait and was immediately admitted. Upon admission, a physical examination revealed mild splenomegaly, although the superficial lymph nodes were not palpable. Her pupils were round and equal, with a weak light reflex in the right eye. In addition, the patient's capacity for abduction and adduction of the right eye was limited, and peripheral facial palsy with hearing loss in the left ear were observed. Finger-to-nose, knee-heel and hand pronation-supination tests revealed mild ataxia in the right upper and lower extremities. The laboratory findings were as follows: white blood cell count, 6.8×10 9 /L (without abnormal cells); hemoglobin, 10.8 g/dL; platelet count, 344×10 9 / L; lactate dehydrogenase, 117 IU/L; C-reactive protein, 0.2 mg/dL; and soluble interleukin-2 receptor (sIL-2R), 3,444 IU/mL. A serological test was negative for human immunodeficiency virus (HIV). The EBV titers were as follows: viral capsid antigen (VCA) immunoglobulin (Ig) G, ×160; VCA IgM, less than ×10; early antigen IgG, ×10; and EB nuclear antigen, ×20. Quantitative polymerase chain reaction for EBV DNA in the whole blood did not show a significant increase (4×10 2 copies/mL). The cerebrospinal fluid cell count was 60/μL; most cells were CD3 + T-lymphocytes. The protein and glucose levels were 290 mg/dL and 43 mg/dL, respectively. A bone marrow examination revealed no invasion of abnormal cells; however, brain contrast-enhanced MRI disclosed small enhanced T2 high-intensity lesions in the left parietal, left frontal and bilateral occipital lobes as well as the pons and bilateral cerebellar hemispheres (Fig. 1) . Thickening of the oculomotor nerve and loss of T1 high-intensity lesions in the posterior pituitary were also noted, although no lesions were detected in the right eye orbit. Meanwhile, whole-body computed tomography (CT) demonstrated multiple nodules in the bilateral lungs (Fig. 2a) and splenomegaly, and 2-deoxy-2-[
18 F] fluorodeoxyglucose positron emission tomography (FDG-PET) revealed abnormal accumulation in the right axillary lymph node (Fig. 2b) . A biopsy of the right axillary lymph node showed the dense proliferation of small atypical lymphocytes and sporadic large atypical lymphocytes (Fig. 3a) with large irregular atypical nuclei and nucleoli that were CD20 + (Fig. 3b), CD5 -and CD10 -. Many large lymphocytes were also positive for EBV-encoded small RNA (EBER), as determined on ISH (Fig. 3c) . The Ki-67 index was more than 50% among large atypical lymphocytes (Fig. 3d) . Based on these results, the patient was diagnosed with MTX-LPD. The biopsy specimen of the occipital lobe collected in August 2007 was retrospectively assessed, which displayed marked infiltration of inflammatory cells with few mediumsized CD20-and PAX-5-positive B-lymphocytes (Fig. 4a-c) . A small number of EBER-positive medium-sized cells with furrowing were also found on ISH using EBER probes (Fig. 4d) . The cerebral lesion was thus finally diagnosed as grade 1 LYG.
The weekly MTX (7.5 mg) administration was terminated, and biweekly cycles of high-dose MTX (3,500 mg/ m 2 ) and rituximab (375 mg/m 2 ) therapy were initiated. The patient's diplopia improved soon after the first cycle of treatment. Thereafter, her ataxic gait gradually improved and she was able to walk using crutches. We administered four courses of chemotherapy. The dose of PSL was reduced to 5 mg two weeks later, then to 2.5 mg six weeks later. The course of treatment was then completed 10 weeks later. No neurological disorders were noted; however, the patient developed a persistent fever, general fatigue and anorexia. Brain contrast-enhanced MRI disclosed no new lesions. Although chest and abdominal CT showed the disappearance of multiple nodules in the bilateral lungs, no improvements in the splenomegaly were detected, and the sIL-2R level did not decrease from >3,000 U/mL. In June 2013, the patient ultimately died of aspiration pneumonia and septic shock.
Discussion
Diagnosing grade 1 LYG lesions using limited specimens, such as those obtained via needle biopsy, is difficult without applying EBER ISH technology because the lesions contain few EBV-positive large lymphoma cells compared with reactive T-lymphocytes. If large B-cell variants of high-grade lymphomas, such as primary diffuse large B-cell lymphoma of the CNS (CNS DLBCL) or intravascular large B-cell lymphoma (IVLBCL), are suspected based on the clinical and imaging findings, the lesions may be incorrectly diagnosed as inflammatory changes. Low-grade LYG is commonly treated with corticosteroids and/or other immunosup- pressive drugs, which cause transient improvements in neurological and pulmonary symptoms. This transient improvement may also make it difficult to differentiate low-grade cerebral LYG from chronic neuroinflammatory disorders, and long-term disease control is rarely obtained in such cases (6) . Among the LYG patients undergoing MTX therapy, it is impossible to distinguish between MTX-LPD and LYG progression because both diseases show histologically similar features of polymorphic EBV-associated B-cell lymphoproliferation (14) . In the present case, it was necessary to conduct a clonal analysis of the specimens in order to differentiate between these diseases. Nevertheless, performing an immunophenotypic comparison was difficult because the number of EBV-positive cells in the brain biopsy specimen was small. In addition, we were unable to analyze the Ig gene rearrangement because we did not store any brain specimens for later use.
After the disease progressed, rituximab and high-dose MTX therapy was temporarily effective in treating the cerebral and pulmonary lesions but ineffective in completely controlling all of the systemic lesions. In a large case series of LYG reported prior to the rituximab era, systemic LYG with CNS involvement was found to typically correlate with a poor prognosis, with a mortality rate of 86% at 14 months (compared with 66% among the patients without CNS involvement) (5). Rituximab was recently used to treat LYG patients, with a favorable toxicity profile (15) (16) (17) (18) , and has been reported to be effective against CNS lesions (18) . In addition, a retrospective study of rituximab-containing chemotherapy for high-grade LYG documented a progressionfree survival of 40% at a median follow-up of 28 months (6) . HIV-negative patients with primary cerebral LYG die approximately one year after receiving a diagnosis (9, 10), while patients with completely resectable tumoral cerebral lesions may survive for > three years (11) . Recently, various reports have described patients with EBVnegative primary cerebral LYG exhibiting a favorable prognosis with corticosteroid therapy alone (19) (20) (21) . However, gene rearrangement studies have shown that many cases of the disorder are derived from T-cell monoclonal lymphoproliferative disease (21) and that EBV-negative primary cerebral LYG must be distinguished from LYG (4, 7).
In conclusion, we herein described the successful diagnosis of primary cerebral LYG that progressed to MTX-LPD under immunosuppressive therapy. The present case suggests that this disease should be considered a lymphoid neoplasm manifesting as a primary brain tumor (e.g., CNS DLBCL or IVLBCL) and a component of the differential diagnosis of chronic neuroinflammatory disorders.
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